We explore the phase-space structure of nearby halo stars identified kinematically from Gaia DR2 data. We focus on their distribution in velocity and in "integrals of motion" space as well as on their photometric properties. Our sample of stars selected to be moving at a relative velocity of at least 210 km/s with respect to the Local Standard of Rest, contains an important contribution from the low rotational velocity tail of the disk(s). The V Rdistribution of these stars depicts a small asymmetry similar to that seen for the faster rotating thin disk stars near the Sun. We also identify a prominent, slightly retrograde "blob", which traces the metal-poor halo main sequence reported by Gaia Collaboration et al. (2018d). We also find many small clumps especially noticeable in the tails of the velocity distribution of the stars in our sample. Their HR diagrams disclose narrow sequences characteristic of simple stellar populations. This stream-frosting confirms predictions from cosmological simulations, namely that substructure is most apparent amongst the fastest moving stars, typically reflecting more recent accretion events.
INTRODUCTION
The Gaia 2nd data release (Gaia Collaboration et al. 2018a) has just become available and has surpassed all expectations as evidenced by the science verification publications accompanying its release (e.g. Gaia Collaboration et al. 2018b,c,d ). It will take many years to fully exploit the vastness of the dataset and especially the fantastic increase in accuracy. On the other hand, also because of the same reasons, already a simple first exploration of the dataset yields exciting new insights.
We report here the results of the analysis of the Gaia DR2 set of 7 million stars with full phase-space information (derived from the astrometric and from the radial velocity spectrometer data, Lindegren et al. 2018; Katz et al. 2018) , with the aim of identifying substructure in the nearby Galactic halo. This Galactic component is particularly important for understanding the assembly of the Milky Way in a cosmological context. It is here where we expect to find merger debris and some of the most pristine stars (Bullock & Johnston 2005; Starkenburg et al. 2017) . Large photometric surveys such as SDSS and PanSTARRS have uncovered large overdensities and stellar streams in the outer halo (Belokurov et al. 2006; Bernard et al. 2016) , indicative of relatively recent accretion activity. However, the inner regions of the stellar halo, despite containing most of the mass, have remained more of a mystery so far partly because of the shorter dynamical timescales. Yet it is these inner halo stars that tell us about the early assembly history of the Milky Way.
In this Letter we analyze a sample of halo stars selected from a Toomre diagram constructed from Gaia DR2 data (Sec. 2). We have inspected their kinematics and dynamics as well as their distribution in the Hertzsprung-Russell diagram (Sec. 3). As reported in Gaia Collaboration et al. (2018d) two clear main sequences are evident amongst halo stars in the Solar vicinity. Here we are able to associate at least in part the older and more metal-poor sequence to a prominent slighty retrograde "blob", hinted at in previous datasets (Carollo et al. 2007; Morrison et al. 2009; Helmi et al. 2017 ) but never so easily discernible. We also report the presence of several small clumps of stars 1 e-mail: koppelman@astro.rug.nl that populate the tails of the kinematic distribution, including the Helmi stream (Helmi et al. 1999) . Cosmological simulations of halo build-up (Helmi et al. 2003) have long predicted that substructure due to accretion should be more apparent at high-velocities (see also Re Fiorentin et al. 2015, for first hints). Thus it is very plausible that these substructures are in fact the remnants of the more recent accretion of small dwarf galaxies contributing stars to the Solar neighborhood.
DATA AND METHODS
Halo stars are relatively rare (less than 1% of the stars in the Solar neighborhood, e.g. Helmi 2008 , and references therein), hence it is paramount to have a good method of identification (see Veljanoski et al. 2018) . Traditionally halo stars have been selected on the basis of their metallicity or their large velocities with respect to the disk (see Posti et al. 2017 , for a recent comparison of selection methods). Here we follow the second approach, and use the traditional Toomre diagram selection to isolate halo stars (see e.g. Bonaca et al. 2017) . Although subject to biases (against halo stars that have similar motions as the disk(s)), it allows removing the large number of nearby disk stars that dominate the counts (Brown et al. 2005) .
The Toomre diagram plots the velocity in the direction of rotation V y against V x 2 + V z 2 . We use the Gaia DR2 sample with 6D phase-space information and consider only those stars with relative parallax error /σ > 5, which allows us to compute distances as d = 1/ with relative errors of 20% at most. This sample contains 6366744 stars. Fig. 1 shows the Toomre diagram for the stars in this sample and located within 1 kpc from the Sun. Our reference system is oriented such that X is positive towards Galactic longitude l = 0, Y in the direction of rotation, and Z for Galactic latitudes b > 0, with the Sun located at R sun = 8.2 kpc on the negative X-axis. The velocities are also oriented in these directions and have been corrected assuming a Local Standard of Rest velocity V LSR = 232 km/s (McMillan 2017) and a peculiar motion for the Sun of (U , V , W ) = (11.1, 12.24, 7.25) km/s (Schönrich et al. 2010) .
We isolate a set of halo stars using the criterion |V−V LSR | > V cut , where we take V cut = 210 km/s, (i.e. slightly stricter than Nissen & Schuster 2010) . This kinematically selected halo sample contains a total of 5980 stars, with typical velocity errors of 10 km/s. Of these, 3040 are main sequence stars. The colored solid circles in Fig. 1 correspond to various easily discernable overdensities identified and discussed in more detail in the next section.
3. ANALYSIS 3.1. Velocities Fig. 2 shows the velocity distribution of the kinematically selected halo stars. This distribution is rather complex, particularly in the V x − V y projection (left panel of Fig. 2 ). This is in part due to the sharpness of the selection criterion applied on the Toomre diagram. This figure shows also that relaxing slightly the value of V cut would lead to the inclusion of more stars from the tail of the velocity distribution of the disk(s) (Schönrich & Binney 2009; Bonaca et al. 2017 ). Their imprint is a noticeable asymmetry in the V x -distribution, which is characteristic of the perturbation induced by the Galactic bar (e.g. Antoja et al. 2015) . In our sample, this asymmetry has a smaller amplitude than for the thin disk, but it is nonetheless clearly, and possibly unexpectedly, present at V y 100 km/s, where the number of stars with V x < 0 is 389, whereas for V x > 0 there are 322 stars (∼ 3σ excess). To properly understand the dynamical properties of this transition region of velocity space, would likely require a multi-dimensional probabilistic analysis to assign stars to different physical components using also chemical and age information (Binney et al. 2014; Posti et al. 2017) , which is beyond the scope of this Letter.
The left panel of Fig. 2 shows a broad overdensity of stars for positive V x at V y ∼ 50 km/s, just where the contribution from the low velocity tail of the disks would be expected to die away. Although to understand its nature requires an in-depth analysis, the location of this overdensity seems unlikely to be related to the Toomre diagram-based selection criterion. Fig. 2 shows the presence of a prominent component with a large dispersion in V x (equivalent to V R near the Sun), that has a slightly retrograde mean motion of a few tens of km/s. Although this could be considered as the "traditional" halo, it is slightly too retrograde and asymmetric towards more negative V y . Fig. 2 also reveals that the high-velocity tails of the distribution of the stars in our halo sample are populated by several cold clumps. The structure at V y ∼ 150 km/s and V z ∼ −250 km/s (in green, 25 stars), can be associated to one of the streams found by Helmi et al. (1999) , and reported also in Gaia Collaboration et al. (2018b) using only proper motion information (their Fig. 25 ). The second stream found by Helmi et al. (1999) is less conspicuous with 12 stars, but present at V y ∼ 150 km/s and V z ∼ 230 km/s. The asymmetry in the number of stars in each of the streams implies that the accretion event from which these streams originate must have happened 6 to 9 Gyr ago according to the models presented in Kepley et al. (2007) .
There are also other clumps in Fig. 2 and these are marked with different colors. Some appear to overlap with previously reported hints of substructure (e.g. Re Fiorentin et al. 2015) . For example, the orange circles are probably related to the "retrograde outlier stars" of Kepley et al. (2007) , and those with blue color overlap with the structure VelHel-4 from Helmi et al. (2017) .
"Integrals of motion"-space
We explore now the distribution of stars in the space of "integrals of motion" defined by the z-component of the angular momentum 2 L z , the perpendicular component L ⊥ = L 2 x + L 2 y , and the energy E. For the stars in our sample we compute their total energy E as the sum of a kinetic and a potential term, where the amplitude of the latter is estimated using a suitable Galactic potential 3 (see Helmi et al. 2017, for details) . Note that L ⊥ is not really conserved in an axisymmetric potential like that of our Galaxy, but it has proven to be nonetheless a useful proxy for a third integral, and to help in discriminating substructures with different orbital properties (Helmi et al. 1999; Helmi & de Zeeuw 2000) Figure 3 shows the distribution of the halo stars in our sample in the E − L z space. Although this figure is reminiscent of that obtained using a TGAS×RAVE sample or perhaps even TGAS×SDSS (Myeong et al. 2018) , it is much more spectacular. Figure 3 shows a clear prominent "blob" or "plume" that is slightly retrograde, the counterpart of the structure seen in velocity space (Fig. 2) and also in the Toomre diagram (Fig. 1) . This region has been previously associated to where a possible progenitor of OmegaCen would deposit debris (Dinescu 2002; Bekki & Freeman 2003; Majewski et al. 2012; Helmi et al. 2017) . Whether this is the only progenitor populating this region of phase-space remains to be seen. Because of its large extent in energy, this structure contributes stars to the outer halo, and so may well be at least partly responsible for the "retrograde" component previously reported by Carollo et al. (2007, and subsequent work) . If a single event, its size in "integrals of motion" space suggests it was very significant. Fig. 4 shows a scatter plot of the distribution of kinematically selected stars in the E − L z (top) and L ⊥ − L z (bottom) 2 For convenience we flip the sign of the z-angular momentum such that it is positive in the sense of rotation. 3 The exact form and values of the characteristic parameters of this Galactic potential are not too relevant provided they yield a reasonable rotation curve for the Milky Way in the volume probed by the stars. spaces. We have plotted here as a density map the contribution of all the stars in the Gaia DR2 6D sample located within 1 kpc from the Sun and with distance errors smaller than 20%. These figures clearly show where the disks fall and the sharpness of our kinematic selection criterion in the transition region between the disks and the (traditional) halo.
Several tight overdensities also apparent in the panels of Fig. 4 . There is a close correspondence between these overdensities and those identified in velocity space. The boxes shown here mark the clumps easy to identify in the "integrals of motion" space, while the remaining colored clumps have been identified in velocity space. All structures have been highlighted using the same color-coding as in Fig. 2. To establish the significance level of these structures we randomize the whole halo dataset by reshuffling the velocities of the stars, while keeping their spatial distribution. We make 10.000 such random realizations and recompute for each, the distribution in "integrals of motion" space. We find that in none of these realizations, a substructure is apparent that has a similar extent and location as any of the overdensities identified in the various figures.
HR diagram
The stars that are part of the large "blob/plume" identified in Fig. 3 (inside the grey box in the top panel of Fig. 4 ) define a blue sequence in the HR diagram of kinematically selected halo stars, as indicated by the red dots in the large panel in Fig. 5 . The absolute magnitude given here is calculated us-ing the parallax from Gaia and has not been corrected for extinction. This sequence coincides with that reported by Gaia Collaboration et al. (2018d) . These authors estimated an age of 13 Gyr and a metallicity [M/H] ∼ −1.3 dex for this population, obtained by comparison to the blue isochrone shown here and obtained from Marigo et al. (2017) , considering a α-enhancement of 0.23 (Salaris et al. 1993) . The redder stars are fitted better by an isochrone with [M/H] ∼ −0.5 dex and age of 11 Gyr (in black in Fig. 5 ), as already shown in Gaia Collaboration et al. (2018d) .
The stars associated to the blue sequence (and the corresponding isochrone) are more metal-rich that the "outer halo" component of Carollo et al. (2007) , which has [Fe/H] ∼ −2.2 dex. This could imply that this region of phase-space is more complex than anticipated (see also Nissen & Schuster 2010) . On the other hand, if this overdensity is due to the merger of a single large progenitor system, this could have had a metallicity gradient. This would imply that stars at larger distances could be more metal-poor on average (as seen also for the streams of the Sagittarius dwarf, Bellazzini et al. 2006) , thus explaining the findings of Carollo et al. (2007) .
The HR diagrams for the stars belonging to the other substructures are plotted as small panels in Fig. 5 . We do not attempt to fit isochrones to their distribution because of the relative low number of member stars (ranging from 12 to 37 stars). Note however, that their HR diagrams are very coherent, and suggest low metallicities and old ages, similar to those of the large "plume" shown in the large panel of the figure. Exploration of the full Gaia DR2 should disclose additional members. These could be either more distant giants stars or fainter nearby dwarfs. These dwarf stars would not have full phasespace information in Gaia DR2 (because of the magnitude cut of the spectroscopic sample, Katz et al. 2018 ), but should have accurate proper motions and parallaxes, and be present in large numbers.
DISCUSSION
Gaia DR2 has revealed that the phase-space structure of halo stars selected using a kinematic selection, namely in the Toomre diagram, is rather complex. It includes large overdensities and several tight kinematic streams or clumps.
The distributions of stars in velocity and in "integrals of motion" space both indicate the presence of what appears to be the low rotational velocity extension of the Galactic disks, well into the region traditionally associated to the halo. Surprisingly, this distribution is asymmetric in V x (V R ) and follows the thin disk's characteristic shape believed to be due to the effect of the Galactic bar. This is presumably the metal-rich ∼ 11 Gyr halo component reported in the HR diagram of Gaia Collaboration et al. (2018d) .
We find a prominent slightly retrograde component, which we interpret to be at least in part merger debris from one or more large objects. The distribution of stars in the Toomre diagram shown in Fig. 1 resembles very closely Fig. 7 of Villalobos & Helmi (2009) obtained from a simulation of the merger of a relatively massive object with a pre-existing disk (merger ratio 1:5), that subsequently gave rise to the formation of a thick disk. This large "blob" could thus have been responsible for the puffing up of an ancient Galactic disk. An alternative explanation is that this "blob" is an ancient non-rotating halo, and that the assumed Local Standard of Rest velocity should be shifted by a few tens of km/s (from the 232 km/s we assume here), which at face value seems somewhat unlikely, especially given the asymmetric shape of the "blob" towards more negative rotational velocities.
The velocity distribution of stars in our halo sample also reveals the presence of streams located in the high-velocity tails, as predicted by cosmological simulations of the build-up of galactic halos (Helmi et al. 2003) . This implies that accretion has played a role in the assembly of the halo near the Sun. How important this process has been remains to be established with more sophisticated analysis. Further explorations of Gaia DR2 in other regions of the Galaxy, using different tracers, and only proper motion and parallax information are necessary to fully grasp the complexity of the stellar halo. Given the superb quality of the data, there is no doubt that Gaia holds many surprises for those in the quest to unravel the assembly history of the Galaxy.
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